The association of very-low-density lipoprotein (VLDL) with atherosclerosis remains controversial. However, studies have shown that oxidative modification ofVLDL can promote foam cell formation, leading to the development of atherosclerosis. A rapid method is described which will allow the significance of VLDL oxidation to be assessed in clinical studies. VLDL was isolated from heparinized plasma by a l-h, single spin ultracentrifugation. Total protein was standardized to 25 mg/L, Oxidation was promoted by the addition of copper ions (17'5 J.Lmol/L, final concentration) incubated at 3TC. Conjugated diene production was followed at 234 nm. Total assay preparation time was 2 h. Urate greatly inhibited the oxidation of VLDL and was successfully removed by size exclusion chromatography. VLDL isolated from frozen plasma (-70"C) was stable for 15 weeks. This simple, rapid method for the isolation ofVLDL may be applied to assess the significance of VLDL oxidation in disease.
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Oxidation of low-density lipoprotein (LDL) in vivo is now widely accepted as a key event in the development of atherosclerosis. 1 Oxidative modification of LDL leads to enhanced uptake by the macrophage receptor in the arterial wall, resulting in an accumulation of lipid within the cytoplasm of the cell.? The resulting foam cell formation is a prerequisite step in the development of the atherosclerotic plaque.
The association of very-low-density lipoprotein (VLDL) and atherosclerosis remains controversial.' However, it has been suggested that oxidized VLDL, like oxidized LDL, may playa role in the development of atherosclerotic lesions." This assumption is based on work carried out on beta-VLDL. This lipoprotein, found in type III hyperlipidaemia and also isolated from the cholesterol-fed rabbit, is the only native particle to induce foam cell formation without the need for modification.t" Research has shown that, like LDL, modified VLDL is chemotactic for circulating monocytes," toxic to endothelial cells and smooth Correspondence: Jane McEneny. 504 muscle cells," and can be taken up by macrophage receptors," all factors which may promote the development of atherosclerosis.
Very little work has focused on the susceptibility of native VLDL to oxidation. A method to assess this parameter would be of relevance when applied to patient groups with an increased incidence of premature atherosclerosis, and lipid abnormalities occurring mostly in the VLDL particles.
One study carried out by Mohr and Stocker? has shown that native VLDL may be oxidized in the presence of the aqueous phase free radical generator 2,2' -azohis(2-amidinopropane hydrochloride) (AAPH) and that this process proceeds via a similar mechanism to that found for LDL.
Most studies assessing LDL oxidation employ copper as a free radical generator. This may have significance in vivo as the presence of free copper has been described in atherogenic plaques." However, a method suitable for the measurement of the susceptibility of VLDL to copper oxidation has not been described previously. Conventional methods for the isolation of VLDL employ lengthy ultracentrifugation run times (48-72 h) and large sample volumes.'! A lengthy isolation procedure may result in damage to particle integrity and loss of labile apoproteins. The use of the air-driven ultracentrifuge has reduced the lengthy isolation times employed for VLDL isolation; however, the volume of sample is insufficient for complete analysis, including lag time determination. A study carried out by Leonhardt et UI. 12 showed that increased rotor speeds lead to moderate changes in the lipoprotein particle. The ultracentrifugation procedure carried out in the method described here was utilized to isolate VLDL in the shortest possible time, thus minimizing any possible detrimental effects such as degradation and oxidation of the lipoprotein particles.
We describe and validate a method for the isolation of VLDL from normal healthy controls. This method enables the susceptibility of VLDL to copper-mediated oxidation to be evaluated by following conjugated diene production. The procedure is both simple and rapid, with total preparation time to the initiation of oxidation being less than 2 h. VLDL isolated from frozen heparinized plasma is stable for up to 15 weeks, a convenient practical consideration when it is not possible to process samples immediately.
METHODS
Materials were obtained from the Sigma Chemical Company, Poole, Dorset, UK, unless stated otherwise.
Plasma separation
Plasma was separated from heparinized blood (Li heparin 50kU/L) by centrifugation at 950g for lGrnin at 4°C in a Jouan CR 412 centrifuge. Samples were frozen immediately, and stored at -70 nC until required.
Isolation of VLDL
We compared the VLDL isolated by our rapid method with VLDL isolated by a more prolonged procedure that requires 2·5 h ultracentrifugation, this latter operation being modified by Cathcart and Dorniniczak ':' from the routine isolation of VLDL, as set down by the Lipid Research Clinics." Samples from the same persons were used in both procedures to enable direct comparison.
A single, rapid spin, ultracentrifugation procedure was used for the isolation of VLDL. Heparinized plasma (1,8 mL) was added to a Methodfor assessing VLDL oxidation 505 3 mL ultracentrifuge tube (Beckman: Polyallomer Bell-top). Normal saline was gently overlaid onto this plasma (1,2 mL; d= 1·006 kg/l.; 0·196 molal). Ultracentrifugation was performed at 541000g for 60min at 4°C, by using a Beckman Table Top Ultracentrifuge (TLlOO) with a Beckman 30°fixed angle rotor (TLlOO·3). The experimental procedure for the isolation of VLDL by ultracentrifugation for 2·5 h was as described for the rapid 1 h method, with the exception of run time.
Purity of VLDL Electrophoresis of lipoproteins was used to confirm the purity of the isolated VLDL fraction. This procedure determines the presence of other contaminating lipoproteins (chylomicrons, LDL and HDL) and was performed using a Beckman Paragon Lipoprotein (Lipo) Electrophoresis Kit (Beckman, UK).
Composition of VLDL
The following procedures were performed to assess the various components found in isolated VLDL.
Determination ofprotein
The protein concentration of VLDL was determined using a commercial kit based on the Coomassie blue reaction with proteins (Biorad; 500-006) and calculated from a standard curve prepared from bovine serum albumin as outlined in the manufacturer's guidelines (Biorad, Hemel Hempstead, UK).
Determination and recovery a/lipid
Total cholesterol, free cholesterol, triglycerides and phospholipids within VLDL were measured using enzymatic assays (Boehringer Mannheim) on a Cobas Bio analyser. To assess lipid recovery, triglyceride and cholesterol were measured in both the supernatant (corresponding to VLDL), and infranatant (corresponding to LDL/HDL) after ultracentrifugation. The sum of these results was compared with the triglyceride and cholesterol content of whole plasma, enabling the determination of lipid recovery.
Determination of apo B
The concentration of apo B was determined by single radial immunodiffusion by a modification of the methods of Mancini et al., 15 and Becker." In brief, 4 J1L of either VLDL or standard (apo B) were added to lOmL agarose gel (I %) containing 25 J1L anti apo B (Immunoscientific: 4834006) and 2 em pre-cut wells. The detection limit of this assay was 25 mg protein/L, Keck.P The detection limit of this assay was < l umol ascorbate/L,
Preformed peroxides
The presence of preformed lipoperoxides was determined in VLOL isolated after both 1 hand 2·5 h ultracentrifugation, by using the ferrous oxidation with xyenol orange version 2 (FOX II) method of Wolfr 4 and Naurooz-Zadeh et al. 2s
The method was carried out as described by McEneny et al. 26 Oxidation of VLDL Oxidation of polyunsaturated fatty acids within lipoproteins, in the presence of metal ions, leads to the formation of conjugated dienes. These oxidation products can be followed spectrophotometrically, as they absorb maximally at 234 nm. This has been shown to be a very accurate and sensitive method for determining the oxidizability of lipoproteins." The following procedure was employed for the routine oxidation of VLOL. POlO purified VLOL samples were standardized to 25 mg protein(L with PBS. Oxidation mediated by the addition of copper II chloride, final concentration 17·5/lmol(L, was performed in a thermostatically controlled spectrophotometer (Hitachi U2DOD), 37 Q C , containing a six-cell positioner. The production of conjugated dienes was followed at 234 nm, with measurements being made every 2 min. Results were recorded on a Nimbus PC-386 utilizing an Enzyme Kinetics software package. The lag time, indicative of the inherent resistance of the lipoprotein to oxidation, was calculated from the intercept of the initial and rapid phases of 
Determination of albumin
Albumin is a known antioxidant!" and its concentration was assessed by single radial immuncdiffusion.lv" To 2 ern pre-cut wells in the gel [10 mL, 1% agarose, containing 30/lL anti albumin (OAKO:AOOI») were added 4/lL of either VLOL or standard (human serum albumin). The detection limit of this assay was I mg protein/L,
Contaminants of VLDL
Contaminants that were co-isolated with the crude VLOL during ultracentrifugation were assessed as follows.
Determination of urate
Urate is a potent antioxidant.Pj? and prevents production of the conjugated dienes produced during copper-mediated oxidation of polyunsaturated fatty acids. We assessed the concentration of urate in both crude and POlO treated VLOL by using high performance liquid chromatography with electrochemical detection, as described in a modification of the method of Chevion et al. 21 The detection limit of this assay was < O'5 /lmol urate(L.
Purification of VLDL
Small contaminating molecules that can affect the oxidation profile of the isolated lipoprotein can be successfully removed by size exclusion chromatography.'? A prepacked column containing Sephadex G25 (POlO; Pharmacia Ltd, Milton Keynes, UK) was used. The procedure was carried out at 4°C. To the column was added 0'5mL VLOL, followed by 2mL phosphate-buffered saline (PBS) (0,01 mol/L, pH 7,4) . This eluant was discarded. A second 2 mL volume of PBS was added to the PO 10 column, and this eluant, which contained purified VLOL, was collected. Hereafter this sample is called PO 10 VLOL, whereas VLDL not subjected to this procedure is termed crude VLOL.
FIGURE 1. Typical profile of the copper-mediated oxidation of very-low-density lipoprotein (VLDL):
VLDL was standardized to 25 mglI. protein and oxidation was mediated by the addition of 17·5/lnlOl/L copper chloride (final concentration). The production of conjugated dienes were followed at 234 nm.
Determination of ascorbate
Ascorbate inhibits the production of conjugated dienes formed during the copper-mediated oxidation of lipoproteins.F The concentration of ascorbate was determined in both crude and PO 10 treated VLOL by using a centrifugal analyser with a fluorescence attachment as described in the method of Vuillemier and the reaction (Fig. I) . The results, after conversion to ASCII file format, were imported into the spreadsheet program Excel (Microsoft). The lag time prior to the onset of the propagation phase and the maximum rate of propagation were calculated using a specially written macro. 17 The lag time was determined by taking the point of maximum slope over an interval of 20 min and fitting a line by the least squares method. The point of maximum slope was found by repeated computation of the average slope for II consecutive points moving along one point at a time, enabling deviations caused by random noise from the spectrophotometer to be removed. Trace metal ions in the diluting buffers can alter the oxidation profile of lipoproteins by accelerating the process, owing to their free radical generating activity. To ensure their absence in our system we treated the buffers with chelating resins (Chelex-100), and subsequently subjected VLDL to oxidation with copper ions by using both chela ted and nonchela ted buffers. The spectrophotometer cells were rigorously cleaned between runs to ensure that the results were reproducible. The procedure is given by McDowell et al. 17 Optimum copper concentration A simple relationship between lag time and copper concentrations does not exist. For the oxidation of LDL it has been shown that when copper concentrations are increased from 0'2/lmoljL to approximately 5/lmoljL there is a corresponding decrease in lag time. However, further increases in copper concentration have no further effect on lag timeY- 29 We wished to investigate the effect of increasing copper concentrations on the oxidation of VLDL. This procedure was carried out to determine the relationship between copper concentration and lag time. Copper concentrations in the range 1-17'5/lmoljL were employed with the VLDL sample being standardized to 25 mg proteinjL.
Albumin as an antioxidant
Albumin has known antioxidant properties at concentrations greater than 100 mg/L." The isolated VLDL was contaminated with albumin (as shown in the Results); however, this concentration was below its antioxidant threshold value. To exclude fully the possibility of any antioxidant effect occurring during coppermediated oxidation, albumin (at concentrations similar to those found in VLDL isolated after I h Methodfor assessing VLDL oxidation 507 ultracentrifugation) was added to VLDL isolated after 2·5 h ultracentrifugation, this latter containing low levels of albumin.
Urate as an antioxidant
Urate has antioxidant properties in vitro. 19 ,20 Crude VLDL was contaminated with urate; however, PD 10 treated VLDL was not (see Results). To investigate the antioxidant potential of urate the following experiments were performed: (a) urate free VLDL (PD 10 treated) was co-incubated with urate at concentrations similar to that found in the crude preparation; and (b) the antioxidant property of urate was further studied by addition of urate to PD 10 VLDL over the range 1-50/lmoljL.
Stability of VLDL
The stability of VLDL was assessed by comparing its susceptibility to copper-induced oxidation after isolation from both fresh and frozen plasma (6 weeks, -70°C) from 10 control subjects. Aliquots of plasma (stored at -70°C) from two subjects were studied in greater detail. Lag times were determined at intervals up to 15 weeks.
Reference values for VLDL oxidation Heparinized plasma was obtained from healthy laboratory staff with no known history of hyperlipidaemia.
Statistics
Groups were compared using the Wilcoxon signed rank test and given as mean (SD). Other results are given as mean (range).
RESULTS
Isolation of VLDL VLDL, being the least dense of the lipoprotein species and having a density~1·006 kgjL, was located in the top layer of the ultracentrifuge tube. This layer was distinctly separate from other lipoprotein species and was easily removed by tube slicing at a position of 1·8 em and extracted by aspiration in a volume of 0·9 mL. The isolated VLDL sample was placed on ice in an Eppendorf microtube (1'5 mL) and used immediately. This equates to crude VLDL. shown in Fig. 2 . The VLOL fractions produced by the two isolation methods showed similar profiles.
Purity of VLDL

Composition of VLDL Determination ofprotein
Analysis of 10 different samples gave a mean (range) protein concentration of 85 mg/L (60-107). The results of protein concentration determined by repeated analysis of two samples over 7 different days were 82 (6'1) and 76 (8'1) mg/L, mean (SO), with an inter-assay coefficient of variation of 7 and 9%, respectively.
Determination and recovery of lipid
Results showed that VLOL isolated after I or 2·5 h ultracentrifugation had a very similar lipid profile with regard to cholesterol ester, free cholesterol, phospholipids and triglycerides. However, a difference was found in total cholesterol, which reached statistical significance (Table I) .
The sum of cholesterol and triglyceride in both the supernatant (VLOL) and infranatant (LOL + HOL) showed a greater loss of lipid in the 2·5 h ultracentrifugation technique than in the I h technique when compared with cholesterol and triglyceride in whole plasma. These results expressed as mean per cent recovery of plasma (range) are: (a) I h, cholesterol 82% (77-92), triglyceride 89% (76-118); and (b) 2·5 h, cholesterol 76% (70-88), triglyceride 83% (70-115). Although the difference between the I hand 2·5 h samples did not reach statistical significance, they imply greater loss of lipid with the prolonged procedure and this, together with the rapidity of the shorter method, indicates that the latter is the preferred procedure. The between-assay variation for lipid determination was below 5%.
Determination of apo B
The results, expressed as the mean per cent of total protein (range), showed that VLOL isolated by both procedures had a similar apo B content; I h VIC, 24% (19-31) vs 2·5h VIC 27% . Between-assay variation for this procedure was less than 5%.
VLDL contaminants
Determination of alhumin
The results, expressed as the mean per cent (range) of total protein, showed that VLOL isolated by I h ultracentrifugation was contaminated to a greater extent with albumin than the VLOL isolated after 2·5 h ultracentrifugation: I h, 33% (21-41) V.l' 2'5h, 10% (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) . The consequences of the possible antioxidant property of this contaminant are assessed later. Intraand inter-assay coefficients of variation for this procedure were less than 5%.
Determination of urate
The results, expressed as the mean (range), showed that the crude VLOL sample isolated by both ultracentrifugation procedures was contaminated with urate and that it was successfully removed by size exclusion chromatography. Determination (J!' ascorbate Results showed that both crude VLOL and PO 10 treated VLOL did not contain detectable ascorbate.
TABLE I. The lipid profile of very-low-density lipoprotein isolated by both ultracentrifugation procedures (J hand 2·5 h)
Results for the urate concentration were: (a) crude VLOL, I h, 57 Ilmol/L (45-65) Vol' 2·5 h, 541lmol/L (38-69); and (b) POlO VLOL, I h, <0'5!lmol/L Vol' 2'5h, <0·5Ilmol/L. n=6 for both experiments. Between-assay variation for this procedure was less than 7% at a urate concentration of 0·7 Ilmol/L.
Preformed peroxides
Results for the FOX II assay ( Table 2) show that the VLOL sample isolated by the prolonged isolation procedure contained more preformed peroxides when compared with VLOL isolated by our rapid method. This finding was further confirmed when we measured the presence of preformed conjugated dienes prior to oxidation. An increase in initial absorbance at 234 nm at the start of the copper-mediated oxidation experiment reflects an increased level of preformed conjugated dienes and indicates an initial level of oxidation. Our results showed the initial absorbance was higher in the VLOL isolated by the 2·5 h preparation ( Table 2) .
Oxidation of VLDL
Monitoring conjugated diene formation at 234 nm is a simple and accurate method for assessing the oxidation of LOL. A wavelength scan following the copper-mediated oxidation of VLOL over the range 200-300 nm showed an increase in absorbance around 234 nm and produced a similar profile to that found in the oxidation of LDL (Fig. 3 ). This simple spectrophotometric measurement at 234 nm may therefore be applied to follow the oxidation of VLOL. Lag time results for VLOL, isolated and diluted in buffers treated with chelating resins, did not differ from the results obtained with buffers not subjected to this procedure and was therefore not used routinely. The lag time result for Chelex-treated buffers was 155 (3'5) min, mean (SO). The lag time result for non-Chelextreated buffers was 151 (2'0) min, mean (SO). Fig. 4 shows that there is a fall in lag time between 1·0 and 10Ilmol/L copper. Increases in copper above 10 Ilmol/L did not alter the lag time; however, at concentrations greater than 17·5 urnolr], the addition of copper caused precipitation within the cuvette.
Optimum copper concentration
VLOL oxidized with 0·1 Ilmol/L copper gave a lag time of more than 400 min and caused a change in the profile, making determination of lag time less accurate (data not shown). Data published by Gieseg and Esterbauer" demonstrated that LOL contains a finite number of saturable pro-oxidant copper binding sites and the addition of copper beyond this value has no 
Albumin as an antioxidant
The results shown in Table 2 confirm that additional albumin at the concentration found in VLDL isolated by the rapid ultracentrifugation technique does not contribute to lag time.
These results also show that the lag time for VLDL isolated by 1h ultracentrifugation was significantly longer than the lag time obtained
Sensitivity of assay
During the oxidation of VLDL the difference between the initial and final absorbance for control samples was approximately 0·3 when protein was standardized to 25.ug/mL, about 50% of the change in absorbance produced during the oxidation of LDL. To assess if this affected the sensitivity of the assay, we oxidized VLDL with a range of substrate concentrations between 15 and 45.ug/mL. The results in Fig. 5 show that as the substrate concentration increases so does both the initial and delta absorbance. However, the lag time remains constant. In subsequent experiments, we therefore opted to use a substrate concentration of 25.ug/mL, mainly because some of our control samples did not contain sufficient protein to standardize to 45.ug/mL. The high initial absorbance reported in this method reflects the background absorbance produced by the sample; we have also found this when oxidizing LDL.I? This high absorbance may be removed by auto-zeroing the spectrophotometer prior to the addition of copper to the sample, which alters the initial absorbance but does not alter the sensitivity of the method. From our experiments, the same is true of VLDL oxidation. In early studies of LDL oxidation, Esterbauer proposed using a copper concentration close to the plateau phase of the dose-response curve. However, he subsequently suggested that the use of a lower copper concentration might help to accentuate differences between different LDL samples." In order to investigate whether this 'was the case for VLDL we oxidized VLDL from two donors in the presence of high (l7·5.umol/L) and low (5.umol/L) copper concentrations. Results are shown in Table 3 . A similar difference in lag time was detected with both copper concentrations, suggesting no loss of assay sensitivity at higher copper concentrations. In subsequent experiments we used the higher copper concentration (17·5.umol/L) in order to reduce assay times as also proposed by Ziouzenkova et al. for LDL oxidation.'! We also found that at the higher concentration of copper the results were more reproducible, with less variance in lag time. 10 25 111!?/ L protein} Stahility of" VLDL VLDL isolated from nine different subjects and analysed from either fresh or frozen (-70"C, for 2·5 h isolation. This may be due to the increased presence of preformed peroxides and conjugated dienes and indicates that peroxidation of the sample had occurred to a greater extent using the lengthy isolation procedure. The addition of albumin to albumin-deficient VLDL did not contribute to the initial absorbance at 234 nm, nor to the lag time result.
Reference values for VLDL oxidation
The lag time results for VLDL isolated from 20 subjects by I h ultracentrifugation ranged from 110 to 217min with a mean of 147 min. The intra-batch coefficient of variation (CV) was determined by taking three samples with lag times in one of the following ranges: high (>160min), medium (159-135 min) or low « 135min); the CVs were: high 6'0%, medium 2·4% and low 2·0%.
The inter-batch CV was determined from three samples (stored frozen at -70°C) with lag times in one of the following ranges: high, medium or low, and analysed over 7 days. The CV were: high 6,2%, medium 3·0% and low 7·9'Yo.
DISCUSSION
6 weeks) plasma showed that freezing the sample had no effect on its oxidation potential. The results given as mean (range) are: fresh plasma lag time, 148 min (124-179); frozen plasma lag time, 151 min (130--181).
VLDL from two subjects, analysed at intervals for up to 15 weeks, showed no deterioration of lag time over the period of study, indicating that the plasma may be successfully frozen at -70°C before analysis. Results reported as mean lag time and (SD) are: Sample 1, 145 min (4,04); Sample 2, 144min (4'35) . Table 4 and Fig. 6 show the effect of urate on VLDL oxidation. As shown from the above experiments, urate greatly affects the coppermediated oxidation of VLDL owing to its antioxidant effect. However, size exclusion chromatography completely removed urate from the sample, allowing an accurate estimation of VLDL oxidation. We have described a rapid method for the ex vivo assessment of VLDL oxidation. The most important practical feature of this method is that it produces VLDL from a single 1 h ultracentrifugation step; the total preparation time prior to oxidation is less than 2 h from venepuncture, an improvement on more prolonged procedures. 9 • 14 In addition, frozen plasma samples may be used for the isolation of VLDL. This finding has been supported by other groups working on the oxidation potential of LDL who have shown that the freeze-thaw cycle does not cause oxidation within lipoprotein particles, 17.32 owing to the presence of endogenous antioxidants within the plasma. The suitability of frozen samples is important when it is not possible to perform analyses immediately.
Urate as an antioxidant
We did not use EDTA plasma for the isolation of VLDL as its presence has a potent inhibitory effect during the copper-mediated oxidation of lipoproteins and results in a prolongation of lag time.P Work carried out on lipoproteins isolated from EDTA plasma has shown that prior to oxidation lengthy dialysis is required for its removal. This results in an increase in preparation time.2R. [33] [34] [35] Previous experiments on LDU 7 carried out by us showed that lipoproteins can be isolated from heparinized plasma without alteration of the oxidation profile, and heparin does not require lengthy dialysis for its removal. We have isolated VLDL from both Chelex and non-Chelextreated buffers and found no difference in the lag time, indicating that minimal or no peroxidation had occurred in our system. Our results indicate that the buffers used to isolate VLDL were not significantly contaminated with metal ions and would therefore not initiate oxidation prior to the addition of exogenous copper ions.
When compared with the rapid technique, prolonged ultracentrifugation led to moderate changes in the lipid profile of the isolated lipoproteins. It has been shown by Leonhardt et ai.,12 that the profile of individual lipoprotein particles is changed with increasing centrifugation time. We also found that prolonged ultracentrifugation, which in our case also increased the product of centrifugation (time x rotor speed), led to changes in the lipoprotein profile. We found a 12% increase in cholesterol and a 4% decrease in triglycerides within the VLDL particles when we compared the rapid and prolonged ultracentrifugation procedures. This finding further supports the use of the rapid ultracentrifugation step in the isolation of VLDL. The mechanism and causes of this effect need to be addressed in greater detail.
The VLDL isolated by the prolonged isolation procedure contained higher levels of preformed peroxides when compared with the rapid method described here. As oxidation of lipoproteins requires the presence of trace levels of preformed peroxides to seed the reaction, these higher levels lead to a more oxidatively susceptible particle and result in shorter lag times, a factor consistent with our findings.
Albumin is known to bind copper ions. However, the concentration available in the VLDL samples studied here is below the threshold value known to affect oxidation. The concentration of copper bound to albumin is in the nanomolar range." We have shown that only copper concentrations above micromolar amounts have a significant effect on the oxidation potential of the sample. Thus, the low levels of copper ions bound to albumin in this system do not alter the oxidation profile of VLDL.
Ann Clin Biochem 1998: 35 Size exclusion chromatography is vital for the removal of contaminating molecules such as urate, whose presence greatly alters the susceptibility of VLDL to oxidation. Urate, in particular, has considerable potential to affect lipoprotein oxidation unless it is completely removed. This molecule greatly reduces the lipoprotein's susceptibility to oxidation, leading to artefactually long lag times. We believe that it is important for any laboratory assessing lipoprotein oxidation to ensure that urate and other small aqueous phase antioxidants are completely eliminated during the lipoprotein isolation procedure.
The mean lag time produced in the oxidation of VLDL for 20 subjects was 147min; this is twice the lag time obtained when we oxidized LDL (70min).17 This suggests that VLDL is more resistant to copper-mediated oxidation. However, studies have shown that the uptake of one molecule of VLDL into macrophages can result in up to five times more lipid being deposited than when one molecule of LDL is removed.'? Thus, although VLDL is more resistant to copper-mediated oxidation, it has the potential to deposit much larger quantities of oxidized substrate into the developing foam cell.
CONCLUSIONS
We have described a simple new method for the rapid isolation of VLDL. The VLDL was successfully isolated from frozen plasma without changing the lipoprotein's susceptibility to copper-mediated oxidation. Comparison of VLDL isolated by our rapid method with a more conventional, lengthy ultracentrifugation procedure showed that the latter was detrimental to the lipoprotein particle. The lengthy isolation of VLDL produced a deterioration of lag time, changes in the lipid composition, and increased formation of preformed peroxides and conjugated dienes.
This rapid method may be applied to various patient groups in whom an increased risk of atherosclerosis is accompanied by a dyslipidaemia associated with predominant changes in VLDL.
